Section ofPwdiatrics 1307 or blood to expand the intravascular volume. It leads to improvement of the peripheral tissue circulation in low output states by reduction of blood viscosity (Thorsen & Hint 1950) . It is a colloid and increases the plasma volume for a period of sixty to ninety minutes by withdrawing water from the interstitial space.
The coagulability of blood increases at first in low output states and later decreases, with depletion of clotting factors and the formation of platelet microthrombi which may obstruct peripheral vascular beds. This tends to occur particularly in irreversible circulatory failure (Robb 1963 , Hardaway 1962 . A low platelet count with deficiency of other clotting factors may be found in meningococcal septicxmia especially, and the use of platelet transfusion and fresh frozen plasma, with or without fresh blood, may be necessary.
In conclusion, it should be stressed that the key to effective treatment of the seriously ill child is the early detection ofthe physiological and biochemical abnormalities discussed and the application of appropriate therapeutic measures. in good time. REFERENCES The adequacy of spontaneous respiration is dependent not only upon efficient ventilation of the lungs, which requires a normally reactive nervous system and muscles involved in respiration, but also upon satisfactory function of the cardiovascular system. Respiratory failure, which may be defined as a failure to maintain oxygen and carbon dioxide homeostasis within the body, may arise not only from disease processes affecting the respiratory tract but also from diseases of other systems. Thus it may be associated with many severe illnesses and is frequently the precipitating factor demanding intensive therapy. Correction of the respiratory failure breaks the vicious spiral and allows time for the underlying pathology to be rectified. Controlled ventilation of the lungs is not, however, sufficient and attention must also be directed to the cardiovascular system, since failure of pulmonary ventilation and of cardiac output frequently occur together, producing a state of collapse. A contributory factor is severe metabolic acidosis which depresses cardiac action, leading to inadequate gaseous exchange. Dodson & Stead (1965) have recently described 4 cases of respiratory failure associated with gross metabolic acidosis due to a variety of causes, and the dramatic response which occurred after correction of the metabolic acidosis with intravenous sodium bicarbonate. Function of the lung must not be assessed in terms of ventilation only; perfusion of the pulmonary alveoli and their proper aeration are essential for respiratory normality. Gaseous exchange is confined to the pulmonary alveoli, so that the adequacy of ventilation of the lungs is dependent upon the volume of alveolar ventilation. Alveolar ventilation is the tidal volume less the gaseous volume of the dead space due to anatomical factors such as the capacity of the mouth and larger air passages, and the physiological dead space comprising those alveoli which are nonor under-perfused by the pulmonary circulation and play little part in gaseous exchange. Any decrease in the tidal volume or increase in dead space must reduce alveolar ventilation and impair oxygen and carbon dioxide homeostasis. This situation may arise in a number of different ways: respiratory depression due to overdose of sedative drugs; weakness of the respiratory muscles; increase in physiological dead space, as occurs in hypovolkmic shock; obstruction of the respiratory passages. An interesting variety of diseases can cause respiratory obstruction, and this discussion will be confined to this fundamental aspect of pulmonary ventilation.
Respiratory obstruction used to be regarded as due solely to structural alterations in the air passages, such as diphtheritic pharyngitis or acute laryngotracheitis. However, the poliomyelitis outbreak in Denmark in 1952 emphasized that respiratory obstruction could occur in the lower air passages from retained bronchial secretions due to an ineffective cough. As a consequence it became apparent that the indication for tracheostomy was not only to bypass an upper respiratory tract obstruction but also to enable the lower respiratory tract to be cleared of secretions. This concept is gradually gaining a wider significance because it is now recognized that secretions can accumulate even when there is an active cough mechanism, and that lower airway obstruction is present in a variety of unrelated pulmonary diseases.
Upper Airway Obstruction Obstruction of the upper airway occurs in a variety of congenital deformities, such as choanal atresia, laryngeal webs and cysts; in inflammatory conditions, as in acute epiglottitis or other severe infections of the pharynx; in the presence of foreign bodies of all kinds; and from cedema following burns to the mouth and upper air passages.
The majority of patients with upper airway obstruction requiring intensive therapy suffer from acute epiglottitis. This condition, which is potentially lethal (Jones & Camps 1957) , is of rapid onset; in a recent series (Rosales & Davenport 1962 ) half the patients were ill for less than six hours, most commonly affected were the 2-6 years age group, and nearly 90% required tracheostomy. In contradistinction, laryngotracheitis was a disease with a more insidious onset, more commonly affecting infants less than 2 years old, and required tracheostomy in only 13 % of cases.
Despite severe clinical respiratory obstruction, pulmonary ventilation estimated by capillary Pco2 samples remains remarkably normal; this is due to the increased rate of breathing, which is probably stimulated by receptors in the inflamed upper airway and is certainly not due to accumulated CO2. However, rapid respiration producing greater local dehydration, the increased viscosity of the secretions due to the infection and the reduced sensitivity of the cough reflex allow viscid secretions to accumulate below the site of the airway constriction. The situation is then extremely dangerous since complete respiratory obstruction can readily occur. Because of the rapidity with which this can proceed, any child with signs of laryngeal obstruction of rapid onset requires immediate admission to a unit with facilities for the urgent relief of the obstruction. Rapid alleviation of the respiratory distress follows effective relief of the obstruction, which usually subsides in two to ten days. Bacterial cultures of retained tracheal secretions show a variety of organisms, none of which have been definitively implicated as the causative ag-nt.
Apart from acute epiglottitis, upper respiratory tract obstruction of inflammatory origin is fortunately rare, though any severe pharyngeal infection, such as glandular fever, may produce serious respiratory obstruction. Impaction of foreign bodies in the larynx is occasionally encountered and a sudden onset of persistent stridor, particularly in the toddler, demands that direct laryngoscopy be performed. Foreign bodies may be translucent, as was demonstrated by a recent case of an 18-month-old child with a milk bottle top impacted in the larynx.
Lower Airway Obstruction Obstruction in the lower airways may be due to congenital defects of the bronchial walls, inhalation of foreign material such as a peanut or gastric contents, or the accumulation of bronchial secretions, which is the commonest cause of this type of obstruction.
The accumulation of secretions may be due to an ineffective cough, when the expulsive force is too weak, as occurs in the terminal stages of progressive muscular dystrophy, or when the stimulation of the cough reflex is depressed, as in central depression due to overdose of drugs or following head injuries. The bronchial secretions may accumulate despite an active cough mechanism when the viscosity of the secretions is increased, as in mucoviscidosis, or consequent upon increased desiccation in acute influenzal bronchopneumonia, in which thick eschars line the mucosal surface of the tracheobronchial tree.
Accumulated secretions form an important cause of respiratory distress in many severe pathological processes affecting the lungs. In the terminal stages of mucoviscidosis considerable pulmonary improvement has been claimed following the removal of large quantities of infected plugs from the smaller bronchi (Hackett & Reas 1965) . Similarly in status asthmaticus the smaller air passages become occluded by mucous and cellular debris, the removal of which is essential for survival (Broom 1960 , Thompson & Pryor 1964 . In severe cases of bronchiolitis and whooping cough the increased viscosity of the secretions causes respiratory insufficiency due to the persistent ineffectual coughing, and predisposes to the development of bronchopneumonia. Following extensive neonatal surgery, particularly involving the thorax, the cough mechanism is ineffective and the retention of secretions leads to acute purulent bronchitis, areas of atelectasis and then bronchopneumonia. Removal of these secretions alleviates the respiratory obstruction and leads to improved respiratory exchange by the re-expansion of atelectatic areas, and assists in the prevention of bronchopneumonia.
ReliefofObstruction
Foreign bodies must be removed by laryngoscopy or bronchoscopy. In other instances of airway obstruction alternative therapeutic measures are indicated. Mechanical relief of obstruction: Until recently, a tracheostomy has been the most commonly advocated method of relieving long-term respiratory obstruction, since it permitted the site of obstruction in the upper air passage to be bypassed and allowed direct access to the tracheo-bronchial tree for removal of secretions by suction. Tracheostomy is hazardous because of the operative and postoperative sequelke and the subsequent problems of infection and decannulation.
An alternative method of achieving the twin objectives of tracheostomy is the introduction of a nasotracheal tube made of a thermoplastic material, which conforms to the curves imposed upon it and is relatively nonirritant. This technique was pioneered by Allen & Steven (1965) for the treatment of croup, and has important advantages over a tracheostomy since the operative difficulties, including pneumothorax and mediastinal emphysema, are eliminated, the length of stay in hospital can be reduced, fixation and stability are easier to achieve and an unnecessary operation is eliminated when an artificial airway is required for only a few days. Nasotracheal intubation is not without disadvantages: there is the possibility of tracheal trauma from too large a tube, which may lead to serious tracheal stenosis. There still exist the inherent dangers of tracheostomy: adequate humidification of the inspired air is vitally important due to bypassing of the hydrating surface of the nasal mucosa; and secretions from the trachea must be removed by suction. Tracheal trauma is minimized by the selection of the appropriate sized tube, which should allow a slight leak of air around the tube, and by introducing suction catheters into the trachea as little as possible. Routine tracheal suction is unnecessary and harmful because of the risk of trauma and infection. Following removal of the nasotracheal tube the patient requires careful supervision to ensure that secretions do not accumulate. If necessary they are removed by re-intubation and tracheal suction. The optimum period for these tubes to remain in situ is probably up to fourteen days, though a great deal depends on the pre-existing pathology, the care taken in introducing the tube and the severity of the process necessitating an artificial airway. Certainly, for conditions requiring relief of respiratory obstruction for short periods, the technique of nasotracheal intubation offers considerable advantages over tracheostomy, but still requires a high degree of supervision to prevent technical and other errors.
An artificial airway, secured either by tracheostomy or by a nasotracheal tube, is essential for the relief of respiratory obstruction due to narrowing of the airway by extra-or intra-luminal causes, and in cases where the cough reflex is severely depressed. An artificial airway is also indicated when increased viscosity of the secretions leads to their retention. Viscosity of the secretions should, however, be reduced by increasing the humidity of the inspired air so that the normal mechanisms for removal of secretions can func-tion efficiently and thus avoid the hazards inherent in the production and maintenance of an artificial airway. It is the clinical impression of some workers (Tovell & D'Ambruoso 1962) that even with croup the need for a tracheostomy has been obviated in some cases by the use of an atmosphere containing supersaturated water vapour. Bronchial lavage: In certain respiratory disorders, notably status asthmaticus and severe mucoviscidosis, the markedly diminished tidal volume and the rapid respiratory rate lead to accumulation of secretions and cellular debris in the small bronchioles. It has been suggested that the cause of adrenaline resistance in status asthmaticus is the plugging of the smaller peripheral air passages and that only when the plugging is removed can the expected response to adrenaline return. In order to break the vicious spiral that leads to the inability to expel bronchial contents, various workers have advocated the removal of retained secretions by bronchial lavage. This procedure entails the introduction of a bronchoscope or endotracheal tube and then washing the tracheobronchial tree with various solutions. Broom (1960) reported good results in status asthmaticus following the instillation of trypsin, while Thompson & Pryor (1964) , using 500-800 ml of normal saline, recovered many bronchial casts in cases of obstructive lung disease. In severe cases of cystic fibrosis Hackett & Reas (1965) reported considerable improvement in pulmonary function following the instillation of acetylcystine into the bronchial tree.
Bronchial lavage may well become a therapeutic relic of the past if the complication of lower airway obstruction can be appreciated and prevented by adequate humidification of the inspired air in status asthmaticus and other severe cases of obstructive lung disease. However, it should still be considered as a form of treatment in severe respiratory disease, though more detailed information is required to determine the selection of cases and the effects on lung function. The choice of irrigating fluid is not yet settled since there is experimental evidence in dogs that washing the tracheobronchial tree with isotonic saline leads to loss of pulmonary surfactant, and cellular damage with the production of congestion, atelectasis, alveolar cell disruption and hyaline membrane formation (Huber & Finley 1965) . The beneficial effects of controlled respiration that have been reported in status asthmaticus in children (Beam et al. 1965 ) and in adults (Marchand & van Hasselt 1966) may well have been due in part to the liquefaction of inspissated secretions. Humidification of inspired air: Normally inspired air has a humidity deficit which is corrected as the air passes through the upper air passages so that it reaches the terminal bronchioles with a relative humidity of 100% at body temperature. Expressed in terms of absolute humidity a saturated atmosphere at 70°F holds 111 grains of moisture per pound of dry air,' but this is only 40% saturated at body temperature since it would require 290 grains of moisture per pound of dry air to produce saturation at that temperature. This humidity deficit is accentuated in the presence of fever, dehydration, bypassing of the upper air passage or increased viscosity of the secretions. Under these circumstances increased humidification can only be achieved by supersaturating the inspired air with minute droplets, though even supersaturated air containing 166 grains of moisture per pound of dry air at room temperature, which therefore has a relative humidity of 150 %, is only 58 % saturated at body temperature. In order to be effective, therefore, supersaturated air containing minute droplets must not only contain droplets of the correct size so that they will be deposited or 'rain out' in the appropriate area, but also be saturated with a sufficiently large volume of water. For precipitation in the larger respiratory passages the particles should be between 10 and 30, in diameter whilst those of 0 5-3 j , reach the air sacs themselves (Tovell & D'Ambruoso 1962). Large droplets never reach the trachea and only cause the patient considerable discomfort.
Most attempts to produce air supersaturated with water are frustrated by the technical difficulties involved in maintaining sufficient numbers of droplets of the correct particle size in the atmosphere surrounding a patient. The value of this therapy, particularly in cystic fibrosis of the lung, is already established and, with the increased production of commercially available nebulizers capable of adequate output, the use of air supersaturated with water vapour will undoubtedly have a profound influence on the treatment and prognosis of many types of respiratory diseases.
